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ABSTRACT 
 
          Black cotton soil covers large area of Sudan (16% of Sudan land) and 
about 2/3 of Sudan population live on it. Although it is popular building 
material it is difficult to handle and the life span of its building is normally 
short and needs continuous repairs. 
      This work aims to study the possibility of producing some durable 
building materials from Black cotton soil. Black cotton soil (BCS) a soil 
from Gedarif was studied and characterized physically, chemically and 
mineralogically. Out of which fired clay bricks and pozzolana were 
produced. For production of bricks Gedarif soil was treated to overcome 
problems of drying and firing by adding 20% ground grogs 
Pozzolana of reasonable quality was also produced satisfying requirements 
of known Standards (Indian and American) by finding the optimum 
calcining temperature which is 700 ºC. 
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 اﻟﻤﺴﺘﺨﻠﺺ
  
( ﻣﻦ ﻣﺴﺎﺣﺘﻪ% 61ﺣﻮاﻟﻰ )ﺗﺮﺑﺔ اﻟﻘﻄﻦ اﻟﺴﻮداء ﺗﻐﻄﻰ ﻣﺴﺎﺣﺎت واﺳﻌﻪ ﻣﻦ اﻟﺴﻮدان      
وﻋﻠﻴﻬﺎ ﻳﻌﻴﺶ ﺣﻮاﻟﻰ ﺛﻠﺜﻰ ﺳﻜﺎن اﻟﺴﻮدان وهﻰ ﻣﺎدة ﺑﻨﺎء واﺳﻌﺔ اﻻﺳﺘﻌﻤﺎل رﻏﻢ ﺻﻌﻮﺑﺔ 
اﻟﺘﻌﺎﻣﻞ ﻣﻌﻬﺎ وﻗﺼﺮ ﻋﻤﺮ اﻟﻤﺒﺎﻧﻰ اﻟﻤﺸﻴﺪﻩ ﻣﻨﻬﺎ و اﻟﺘﻰ ﺗﺤﺘﺎج ﻟﻠﺼﻴﺎﻧﻪ اﻟﻤﺴﺘﻤﺮﻩ ﻟﺬﻟﻚ 
  . اآﺜﺮ دﻳﻤﻮﻣﻪ ﻣﻦ هﺬﻩ اﻟﺘﺮﺑﻪ ﻣﻮاد ﺑﻨﺎء ﻻﻣﻜﺎﻧﻴﺔ اﻧﺘﺎجﺗﻬﺪف هﺬﻩ اﻟﺪراﺳﻪ
   آﻤﺜﺎل ﻟﻬﺬﻩ اﻟﺘﺮﺑﻪ اﺣﻀﺮت ﻋﻴﻨﻪ ﻣﻦ ﺗﺮﺑﺔ اﻟﻘﻀﺎرف واﺟﺮﻳﺖ ﻋﻠﻴﻬﺎ اﻻﺧﺘﺒﺎرات 
  .اﻟﻼزﻣﻪ ﻟﺘﺤﺪﻳﺪ ﺧﻮاﺻﻬﺎ اﻟﻔﻴﺰﻳﺎﺋﻴﻪ و اﻟﻜﻴﻤﻴﺎﺋﻴﻪ و اﻟﻤﻌﺪﻧﻴﻪ
ﺑﻌﺪ ادﺧﺎل ﺑﻌﺾ ( اﻟﻄﻮب اﻻﺣﻤﺮ)   وﻗﺪ اﻣﻜﻦ اﻧﺘﺎج اﻟﻄﻮب اﻟﻄﻴﻨﻰ اﻟﻤﺤﺮوق 
% 02 و ﺗﻤﺜﻞ هﺬا ﺑﺎﺿﺎﻓﺔ ﻧﺴﺒﺔ  ﻟﻠﺘﻐﻠﺐ ﻋﻠﻰ ﻣﺸﺎآﻞ اﻟﺘﺠﻔﻴﻒ و اﻟﺤﺮﻳﻖﻟﺠﺎت ﻋﻠﻴﻬﺎاﻟﻤﻌﺎ
آﻤﺎ اﻣﻜﻦ اﻧﺘﺎج ﺑﻮزﻻﻧﺎ ﻣﻦ هﺬﻩ اﻟﺘﺮﺑﻪ ذات ﺧﻮاص ﻣﻘﺒﻮﻟﻪ . ﻣﻦ آﺴﺮ اﻟﻄﻮب اﻟﻤﺴﺤﻮن
 و ﻗﺪ آﺎﻧﺖ درﺟﺔ (اﻟﻬﻨﺪﻳﻪ واﻻﻣﺮﻳﻜﻴﻪ)ﺗﺘﻤﺎﺷﻰ ﻣﻊ ﺑﻌﺾ اﻟﻤﻮاﺻﻔﺎت اﻟﻌﺎﻟﻤﻴﻪ اﻟﻤﻌﺮوﻓﻪ 
  .ﺌﻮﻳﻪ درﺟﻪ ﻣ007  ﻟﻠﺤﺮقاﻟﺤﺮارﻩ اﻟﻤﺜﻠﻲ
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CHAPTER ONE 
1. Introduction 
1.1 General: 
   Provision of housing for developing countries is one of the most important 
basic needs of low-income groups. It is a very difficult requirement to meet, 
however, since land and construction costs are mostly beyond the reach of 
both the rural and urban poor. In order to address this issue various 
governments have undertaken housing schemes that aims to facilitate some 
form of housing ownership by low-income groups. 
Due to limited means within developing countries, it is necessary to seek 
ways to reduce construction costs, especially for low- income as well as 
adopting easy and effective solutions for their repair and maintenance. Such 
objectives can be achieved partially through the production and use of cheap 
yet durable locally available building materials (1). 
Various traditional construction materials exist in Sudan which have proved 
to be suitable for a wide range of buildings and which have a great potential 
for increased use in the future.  
Soil is one of the primary materials used for construction of traditional low-
cost dwellings in Sudan and is well suited to local weather conditions and 
occupancy patterns. Soil construction methods are used in 80% of urban 
buildings in Sudan while this figure exceeds 90% in rural areas. Buildings 
are constructed entirely, or partially of soil, depending on location, climate, 
available skills, cost, building use and local tradition. 
1.2 Soils of Sudan: 
In Sudan the main soil types are identified as black cotton soils, red 
sand ironstone soils, and laterite and lateritic soils. 
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1.2.1 Black cotton soil (BCS)-badobe:  
The term black cotton soil, otherwise known as badobe, is derived 
from the soils dark or black in color and the fact it was originally used for 
growing cotton in general. Black cotton soils are formed in areas of their 
parent material such as basalt. 
In Sudan black cotton soil or badobe is formed by one of the 
following processes: to the east of the Blue Nile badode is a residual soil 
derived from its parent basalt rock. Between the two Niles (the Gezeria clay 
plain) the black cotton soil is a transported alluvial deposit from the 
Ethiopian mountains to the east. To the south and south-west, badobe occurs 
as a transported soil derived from the volcanic tuffs despite differences in 
origin. The black cotton soils of Sudan have the following common 
characteristics: 
• The color ranges from dark grey to dark brown. 
• Pronounced volume change upon wetting and drying. 
i.e extreme expansion and shrinkage properties       
• High (35%) clay content (clay is defined as soil fraction containing 
particle size less than 0.002mm). This clay fraction is composed 
mainly of montmorillonite, a group of soils often found in drier 
tropics. 
Its structure allows water molecules to enter between the layers causing 
expansion or shrinkage. 
• The liquid limit (L.L) ranges between 47% and 93%. 
• The plastic limit (P.L) ranges between 26% and 50%. 
• The plasticity index (P.I) ranges between 13% and 58% (Table 1.1)(2)  
• The linear shrinkage ranges between 8% and 18%.  
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Table (1.1): Relation between plasticity index and potential swell (2) 
Plasticity Index Potential Swell 
  0 – 15 Low 
15 – 35 Medium 
35 – 55 High 
Above 55 Very high 
 
 
   Due to the high plasticity of these soils they are difficult materials to 
handle when mixed with water. Black cotton soil is a popular building 
material since it covers large areas in central Sudan amounting to about 16% 
of total area of Sudan and where more than two third of the country's 
population live (3). However, due to the high clay content and the presence 
of expandable clay minerals in this soil type, the life span of buildings made 
from black cotton soils is normally short (approximately 15 years on 
average), and so there is continuous need for repair. In recent years it has 
been recognized that further study of properties and characteristics of black 
cotton soil and their potential for use in the building industry is necessary 
since it is so prevalent and easily available in Sudan (3). 
1.2.2 Red sand-ironstone soils (goz): 
To the west of the main Nile and the White Nile extend the red sand –
iron stone Goz soils, these soils are formed from the breakdown of the 
Nubian sand stone rock that underlies soils of western Sudan. This soil type 
also occupies large land area in Sudan (7%) (3). In general, however, 
knowledge of the engineering properties of these soils is limited. They are 
mainly red or brown ironstone soils formed in dry arid conditions. 
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Attempts have been made to relate them to the laterite and lateritic soils of 
West Africa, but they possess different properties to those soils. Goz soils 
include wind blown sands, silt and clays that have accumulated in depths of 
up to 5m, where the lower layers have become consolidated with time. 
Many villagers in these areas have built dwellings from Goz soils that 
demonstrate greater durability properties than those buildings made from 
badobe soils. A possible reason for this is that Goz soils tend to have a lower 
clay content so they expand and shrink less on wetting and drying, making 
them more stable through periods of climatic fluctuation. 
1.2.3 Laterite soils: 
   The term laterite which is derived from the Latin word later meaning brick 
was first used by Buchanan in 1807 for describing a red iron-rich material 
found in southern parts of India. Laterites are highly weathered soils which 
contain large, though extremely variable proportions of iron and aluminum 
oxides, as well as quartz and other minerals. They are found in abundance in 
the tropics and sub tropics, where they generally occur just below the surface 
of grasslands or forest clearings in regions with high rainfall. The soil color 
can vary from red, brown, and violet to black, depending on the 
concentration of iron oxides (3). 
 5
 
 
                                 Fig (1.1): Map of Soil of Sudan 
 6
1.3 Objective: 
    Soil has been used in Sudan as a building material like in most developing 
countries. It is used by low-income groups in the Sudan for construction of 
their houses. For construction purposes soil has the advantage of being 
cheep, always available, easy to work with and develops comfortable 
dwelling. 
        So the objective of this research is to study how to use expansive soil of 
Sudan in production of some building materials like: 
1- Fired-clay bricks. 
2- Lime-Pozzolana mortars, by calcining the soil at certain temperatures. 
3- Portland-Pozzolana Cement, by replacement of certain quantity of the 
Ordinary Portland Cement (OPC) by pozzolana of the cacined clays. 
1.4 Scope of work: 
     1- Collection of information and data about expansive soil in Sudan. 
     2- Collection of soil samples from EL Gedarif area and Soba area. 
     3- Characterization of soils: 
               - Physical include 
                          ● Grain size distribution. 
                          ● Atterberg limits (L.L, P.L, P.I and L.S). 
- Chemical. 
- Mineralogical 
4- Production of bricks: 
- Preparation of samples 
- Shaping 
- Drying 
- Firing 
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5- Production of pozzolana: 
- Calcination of soils at different temperatures to find optimum 
calcination temperature.  
- Preparation of samples and cast cubes for lime-pozzolana and 
Portland-pozzolana cement. 
- Testing: Determination of compressive strength at different 
ages. 
- Compare the results of testing of Gedarif soil with other soils 
(Soba soil) and with the requirement of known standards.  
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CHAPTER TWO 
2. Literature Review 
2.1 Expansive soils: 
2.1.1 General: 
    Some partially saturated clayey soils are very sensitive to variations 
in water content and show excessive volume changes. Such soils, when they 
increase in volume due to an increase in their water contents, are classified 
as expansive soils (4 and 5).  
2.1.2 Review on Expansive Soils:  
Swelling clays are found in many parts of the world, particularly in 
semi-arid areas. Swelling clays are detected in Australia, Canada, China, 
Jordan, Saudi Arabia, India, South Africa, Sudan, Ethiopia, Spain, and the 
United States (2). This is not to say that such soils do not exist elsewhere, for 
indeed, they can be found almost everywhere.  
There are many correlations that are useful for identifying potentially 
expansive soils. It is also possible to identify them visually. Visual 
indications may be (4):-  
 
1. Wide and deep shrinkage cracks occuring during dry periods,  
 
2. Soil is rock-hard when dry, but very stiff and sticky when wet,  
 
3. Damages on the surrounding structures due to expansion of soil.  
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2.1.3 Clay Mineralogy:  
There are many types of clay according to their physical and chemical 
properties. To understand behavior of clays, it should be first concentrated 
on their micro structures.  
The basic structural units of most clay minerals consist of a silica 
tetrahedron and an alumina octahedron. Silicon and aluminium may be 
partially replaced by other elements in these units, this being known as 
isomorphous substitution The silicon-oxygen tetrahedron (silica tetrahedron) 
consists of four oxygens nestled around a silicon atom, (Figure 2.1a) 
Alumina octahedron consists of an aluminium atom surrounded octahedrally 
by six oxygen ions (Figure 2.1 b). (1) 
  
  
                 Fig (2.1): Clay Minerals Basic Units, (Craig, 1994) 
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The basic units combine to form sheet structures. Silica sheet is the 
combination of silicon-oxygen tetrahedrons. Alumina sheet is formed by 
combination of alumina octahedrons. Diagrammatic sketches of the kaolinite 
and montmorillonite structures are shown on figures (2.2) and (2.3). 
 
 
 
 
 
 
 
 
 
 
   Fig (2.2): Diagrammatic Sketch of the Kaolinite Structure, (Craig, 1994). 
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 Fig (2.3): Diagrammatic Sketch of the Montmorillonite Structure, (Craig, 
1994). 
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The various clay minerals are formed by the stacking of combinations of the 
basic sheet structures with different forms of bonding between the combined 
sheets.  
Kaolinite consists of a structure based on a single sheet of silica tetrahedrons 
combined with a single sheet of alumina octahedrons. There is very limited 
isomorphous substitution. The combined silica-alumina sheets are held 
together fairly tightly by hydrogen bonding: a kaolinite particle may consist 
of over one hundred stacks (Figure 2.4). (1) 
 
 
 
 
 
 
 
 
                      Fig (2.4): The Kaolinite Mineral, (Cernica, 1995) 
 
Montmorillonite has the same basic structure consisting of a sheet of 
alumina octahedrons between and combined with two sheets of silica 
tetrahedrons. In the octahedral sheet there is a partial substitution of 
aluminium by magnesium. The space between the combined sheets is 
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occupied by water molecules and (exchangeable) cations other than 
potassium (Figure 2.5). There is a weak bond between the combined sheets 
due to these ions, and since there is no hydroxyl bonding as it is the case in 
kaolin . The planner atoms ( out side atoms) on both sides of units are 
oxygen .The layers held together by very weak residual forces known as 
Vander Waals forces which are caused by slight displacement of electrical 
charges inside the atoms so water can enter between these layers forcing 
them apart thus causing swelling. The large swelling capacity of 
montmorillonites, particularly sodium montmorillonites, makes these 
minerals as the most troublesome ones with respect to brickmaking and 
engineering design and construction (7). 
 
 
 
  Fig (2.5): The Montmorillonite Clay Minerals, (Cernica, 1995) 
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Illite has the same basic structure as montmorillonite. The combined sheets 
are linked together by fairly weak bonding as in the case of 
montmorillonite(Figure 2.6) is schematic diagram or structure of illite.  
 
Fig (2.6): The Illite Clay Mineral, (Cernica, 1995) 
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Bentonite is part of the montmorillonite clay family, usually formed from 
the weathering of volcanic ash. It is noted for its expansive properties in the 
presence of water. As such, it was found to have beneficial uses as a general 
grout in preventing leakage from reservoirs, for plugging leaks in tunnel 
construction, and as a drilling mud in connection with soil borings and oil 
and gas wells. It prevents flocculation and facilitates the removal of the drill 
cuttings of the rotary drill. Also, it is sometimes used as a backfill for slurry 
trench walls, for clarification of beer and wine, and for other special 
applications. It has a liquid limit of 500% or more (8). 
2.1.4 Mechanism of swelling: 
   There are two basic mechanisms involved in swelling phenomena:  
2.1.4.1 Interparticle (Intercrystalline) Swelling: shown diagrammatically in 
Figure 2.7, which is effective for all kinds of clay minerals. In a nearly dry 
clay deposit relict water holds the particles together under tension from 
capillary forces. On wetting, the capillary tensions are relaxed and the clay 
expands. The effect is the same whether the clay has the form of particles as 
shown in the upper part of the figure or of crystals as shown in the middle 
part. The short dashes in the figure which link the layers of the clay crystals 
imply that the layers are strongly bonded by molecular forces.  
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                   Fig (2.7): Mechanism of Swelling, (After Popescu, 1986) 
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2.1.4.2 Intracrystalline swelling is chiefly a characteristic of the 
montmorillonite group of minerals. The layers that make up the individual 
single crystals of montmorillonite are weakly bonded, mainly by water in 
combination with exchangeable cations. On wetting, water enters not only 
between the single crystals, but also between the individual layers that make 
up the crystals (7).  
In montmorillonites the interlayer cations become hydrated, and the large 
hydration energy involved is able to overcome the attractive forces between 
the unit layers. Since in the prototype minerals interlayer cations are absent, 
there is no cation hydration energy available to separate the layers (8). 
There can be two reasons of intracrystalline swelling: Clay particles are 
generally platelets having negative charges on their surfaces and positively 
charged edges (Figure 2.8). Cations in the soil water attach to the surfaces of 
the platelets and the negative charges on the surfaces of clay particles. The 
unbalanced electrostatic charges on clay-particle surfaces draw water 
molecules into the area between silicate sheets and force the sheets apart.  
 
 
 
 
      Fig (2.8): Internal Electro Chemical System of Soil, (Mitchel, 1976) 
 18
The other factor is provided by cations attracted to the clay surfaces. Due to 
the attraction of negatively charged clay surfaces for the cations, the 
concentration of cations between the clay-particle surfaces is higher than the 
concentration of cations in the pore fluid. This creates an osmotic potential 
difference between the pore fluid and clay-mineral surfaces. In the actual 
case cations should migrate from the intracrystalline spacing (higher 
potential) to the intracrystalline spacing (lower potential) to equalize the 
cation concentration. But due to the attraction of clay surfaces, cations can 
not move and water moves into the area between clay-mineral surfaces. Due 
to this condition a repulsive force is exerted on the clay-mineral surfaces and  
the volume of clay soil increases (Figure 2.9) (5). 
 
 
Fig (2.9): Swelling of Clay Soils, (After Kehew, 1995). 
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2.1.5 Factors Affecting Swelling:  
Many attempts have been made in the past to understand the swelling 
behavior of soils. El-Sohby and Rabba (9) stated that the primary factors 
which affect the swelling of soils are as follows: the initial water content, the 
type and amount of clay mineral, the initial dry density and percentage of 
coarse-grained fraction. El-Sohby and Mazen (10) studied the effect of 
mineralogical composition (clay content clay mineral type and exchangeable 
ions) on the Swelling behavior of expansive soils and grouped soils 
according to the activity of the clay minerals present.  
As it is previously mentioned the swell of soil is due to the presence of 
expanding clay minerals, hydration of cations on clay surfaces and the 
release of intrinsic stresses caused by over consolidation or dessication of 
soils. Soil properties, including the composition of soil (mineral 
constituents), pore fluid, dry density and soil structure, primarily determine 
the potential for swell, whereas environmental conditions such as climate, 
groundwater, drainage, vegetation cover, confinement, and field 
permeability determine the actual amount and rate of swell.  
Soil properties and environmental conditions, which influence the swell 
potential, are summarized in Table, (2.1) and (2.2), (11). 
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Table (2.1): Soil Properties that Influence the Swell Potential. (Nelson and 
Miller, 1992)  
 
Factor Description 
Initial water 
content 
As the initial water content increases, initial degree of 
saturation will increase, affinity of soil to absorb water 
will decrease and the amount of swelling will decrease.  
Initial dry density The higher values of initial dry densities cause closer 
particle spacings, greater repulsive force between 
particles, larger swelling potential and pressure.  
Clay content and 
mineralogy 
Clay minerals which have swell potential are 
montmorillonites, vermiculates, and some mixed layer 
minerals. As the percentage of clay increases swelling 
potential increases.  
Fine grained 
fraction 
The more the amount of fine particles the higher the 
swell potential and swell percent.  
Composition of 
solids 
Active clay minerals are composed of montmorillonites 
and mixed layer combinations of montmorillonites and 
other clay minerals.  
Concentration of 
pore fluid salts 
High concentration of cations in the pore fluid tends to 
reduce magnitude of volume change.  
Composition of 
pore fluid 
Prevelance of monovolent cations increase shrink-swell 
potential; divalent and trivalent cations inhibit shrink 
swell.  
Soil structure and 
fabric 
Flocculated clays are more expansive than dispersive 
clays. By compacting at higher water content or by 
remolding, fabric and structure are changed. Kneading 
compaction create dispersive structures with lower swell 
potential than statically compacted soils.  
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Table (2.2): Environmental Conditions that Influence the Swell Potential.  
(Nelson and Miller, 1992) 
Factor Description 
Climate Arid climates promote desiccation while humid 
climates promote wet soil properties.  
Ground water Fluctuating and shallow water tables provide a source 
of moisture for heave.  
Drainage Poor surface drainage leads to moisture accumulation 
or ponding.  
Vegetative cover Vegetation (trees, shrubs, etc.) deplete moisture from 
soil through transpiration and cause accumulation of 
moisture areas denuded of vegetation.  
Confinement Larger confining pressures reduce swell; cut areas are 
more likely to swell; lateral pressures may not equal 
vertical overburden pressures.  
Field permeability Fissures can significantly increase permeability and 
promote faster rates of swell.  
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2.2. Fired clay bricks: 
2.2.1 Brick making industry in the Sudan: 
2.2.1.1 General considerations: 
         Brick making in Sudan is mostly operated along the banks of the rivers 
during the dry season, October to July. Fired clay bricks are commonly used 
in most parts of Sudan. The total annual production of fired clay bricks in 
the Sudan is estimated to be about 3.7 billion (12). Out of which, 88.5% 
produced in Khartoum and central states. Central states include Gezira, 
Sinar, White Nile and Blue Nile states. Production on Blue Nile bank 
represents 82.5% and on River Nile bank is about 9.5% Table (2.3). 
 
Table (2.3): Fired clay bricks production along river banks in Sudan (12 and 
13). 
Location No of production 
units 
Annual production 
of bricks 
(thousand) 
Production as % of 
total bricks production 
in Sudan 
Blue Nile 
River Nile 
River Gash 
River Atbara 
Total 
1,347 
170 
28 
26 
1,571 
2,281,280 
261,920 
39,200 
36,600 
2,619,000 
82.5 
9.5 
1.4 
1.3 
94.7 
 
2.2.1.2 Distribution of brick making industries in the Sudan: 
Brick is defined as small building unit, solid or cored in form of rectangular 
prism formed from clay and hardened by heat (13). 
Brick production in Sudan concentrates on central Sudan which includes 
Khartoum, Central States and Southern part of Northern State. This area i.e 
Central Sudan produces 88.5% of Northern Sudan brick production. 
Production of fired clay bricks in Eastern State scatter along the banks of 
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rivers El Gash in Kassla area and along River Atbara banks at Khashim El 
Girba and El Showak areas. Brick production in Darfur State concentrates 
on Southern part of state around Niyala and Zalinga areas, whereas in 
Kordofan State, it scatters in valleys and Khors (15). 
 Hamid,(12). FNC, (14) mentioned that there are about 1,700 brick making 
units in the Sudan but in recent study, the brick Making Owners Association 
in Khartoum State provided information  that there are about 650 brick units 
owners and about 2,000 brick making units in Khartoum State and the total 
number of brick making units in Sudan is approximately 3,450. It is also 
believed that a sizeable, but unknown number of unregistered smaller units 
are also scattered in rural areas meeting the local demand where required. 
Table (2.4) shows the distribution of brick making units in Sudan. 
 
Table (2.4): Distribution of brickmaking units in the Sudan (12)  
State Number of brick units 
in 2005 
Number of brick units 
in 1994 
Khartoum 2,000 800
Gezira 
Sinnar 
El Damazin 
800
110
60
654 (Central)
Kordofan 100 58
Darfur 50 69
Kassala, Eastern 70 60
Northern State 260 63
Total 3,450 1,704
 
2.2.2 Raw materials for traditional fired clay bricks production: 
 Soils are variable and complex materials, whose properties can be 
modified to improve their properties and their performance in building 
construction by the addition of various stabilizers and additives. All soils 
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consist of disintegrated rock, decomposed organic matter and soluble 
mineral salts. Soil types are graded according to particle size using a system 
of classification widely used in civil engineering. This classification system 
is based on soil fractions (Table 2.5), Shows that there are four principal soil 
fractions: - gravel, sand, silt and clay. 
Table (2.5): Soil classification according to particle size 
Soil fraction Diameter size ranges of particles (mm) 
 
Gravel 
Coarse gravel 
Medium gravel 
Fine gravel 
20.000 – 60.000 
6.000 – 20.000 
2.000 –  6.000 
 
 
Sand 
Coarse sand 
Medium sand 
Fine sand 
0.600 – 2.000 
0.200 – 0.600 
0.060 – 0.200 
 
 
Silt 
Coarse silt 
Medium silt 
Fine silt 
0.020 – 0.060 
0.006 – 0.020 
0.002 – 0.006 
 
Clay 
 
Clay 
 
Less than 0.002 
 
 
Clay is the basic raw material from which bricks are produced. Soil 
investigation reveals that the existing brick clays in Sudan are very different 
and widely vary in chemical composition and physical properties. To render 
them apt for brickmaking, suitable admixtures should be added and some 
technical treatment should be adopted. In prevailing traditional brick 
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making, animal dung (Zibala) is the predominant additive, which acts as a 
leaning and reinforcing material and helps in both drying and firing.  
Some times sand is added besides animal dung, if the clay is of very high 
plasticity. In Western Sudan, sometimes groundnut shells are used due to its 
availability especially at oil mills. Table (2.6) shows the composition of 
brick making clays in Sudan. 
 
Table (2.6): Chemical composition of brickmaking clays in the Sudan (12) 
Location Component 
Blue Nile (Gerif 
East) 
River Nile 
(Kabashi) 
White Nile 
SiO2 
Al2O3 
Fe2O3 
CaO 
MgO 
Na2O 
K2O 
SO3 
TiO2 
Organic matter 
49.09 
15.68 
10.07 
6.32 
2.52 
2.10 
2.53 
- 
1.65 
- 
53.60 
15.10 
13.10 
3.40 
1.60 
- 
- 
- 
- 
- 
57.70 
15.30 
7.88 
2.50 
1.90 
2.90 
2.50 
0.13 
- 
- 
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Table (2.7): Physical and mechanical properties of fired clay bricks 
compared with Sudanese standard (20).  
Local Bricks 
Years property 
1970 1983 1987 2000 2006 
Sudanese 
standard 
1974 
L (Cm) 20.5-22.2 18.8-20 17.7-19.7 20.1 19.0 
25±0.75 
or 
23±0.7 
W (Cm) 9.8-10.4 9.1-9.8 8.2-9.6 10.0 9.0 
12±0.48 
or 
11±0.33 
 
 
 
 
Dimension 
H (Cm) 5.1-5.4 5.4-5.8 4.6-5.4 5.0 5.0 
7±0.28 
or 
6±0.24 
Water absorption (%) 31-70 5.4-47 16-36 31 35.5 > 35 
Compressive strength    
(Kg/Cm2) 
24.6-36 18.2-36 21-130 52 33 < 20 
 
The main raw materials used in traditional production of fired clay bricks 
are: 
( i ) Nile sediments: 
                  Which vary from plastic clay to coarse sand. The traditional brick 
manufactures classify the fine sediments into three categories 
(a) Balabaty: 
This is very plastic clay with a fraction of clay varies between 20% - 25% 
and the rest is mainly silt and fine sand (16). 
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(a) Zafota: 
This is aclayey sandy silt containing 10% clay, 15% sand and the rest is                         
silt.This type of soil according to the local manufactures is the best for the 
production of fired clay bricks because it has a reasonable plasticity and it    
gives satisfactory result in drying (16). 
(b) Gureira: 
This type of clay can be classified as sandy silt with the sand portion varying 
from 20% to 40% and the rest is silt. It shows very low Plasticity (17).  
Usually the Nile sediments are deposited in large pits during the flood 
season, which starts on July and ends at the beginning of October. In general 
the surface layer in the pits is Gureira then follows a layer of zafota which is 
dominant type of soil in the section, and in the lowest part of the pit there 
will be a layer of Balabaty. The coarser part of the Nile sediment is sand. It 
usually used to lean the plastic clays in order to minimize the sensitivity of 
clays to drying. 
(ii) Zibala (Animal Dung) and other organic additives: 
Zibala is one of the most important organic additives in the traditional 
production of fired clay bricks in the Sudan. The complete effects of Zibala 
on clay pastes are not fully known, but it is usually used in order to cement 
or reinforce the cohesion less soils (i.e. non plastic soils). The straw content 
of the Zibala is believed to act as a reinforcing material to minimize cracks 
which usually develop during the drying stage. An equal advantage of using 
Zibala is to reduce the quantity of fuel in the firing stage and to assist in the 
even distribution of the heat (16). 
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2.2.3 Traditional Fired clay bricks production: 
It is very important to study the process of production of fired clay bricks by 
traditional method and hence to know the difficulties and problems in this 
local industry. 
2.2.3.1 Method of production: 
Fired clay bricks produced in Sudan are solid type and of a poor quality. 
Method of production is based on four main stages 
(1) Processing:   
       The clay is dug manually. The clay and organic additive (mostly Zibala) 
are mixed together and then water is added. The quantity of water required 
for moulding varies from place to place but it is about 30% on average. The 
mixing is carried out in a pit called mine. The mix is then thoroughly mixed 
by hoes and spades and afterwards by threading. It is then left for ageing for 
about 12 hours. Another mixing operation is carried out prior to brick 
moulding. 
(2) Moulding:  
                The most commonly used mould are steel and timber mould, 
which are open at both top and bottom having two compartments. Each one 
is (210×100×55) mm to make a brick of size (190×100×50) mm after drying 
and firing. Amass from the prepared mix cut off and rolled up in a clot 
slightly exceeding the volume of the mould. The clay is then thrown with 
some force into the mould, the surplus is removed away by hand and 
demoulding takes place at drying platform. 
(3) Drying:  
          Drying is done naturally for a period of 2-25 days. This process entails 
leaving the moulded bricks for about 24 hours exposed to direct sun light. 
They are then turned over on edge and left for 1-2 days before being taken 
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and stacked in honey-combed arrangement, having spaces in the walls to 
allow air circulation (18). 
This method of drying is another factor detrimental to the quality. Direct 
exposure to sun light leads to excessive cracking and bending this is due to 
non uniform drying (16). 
(4) Firing:  
        The firing stage in brick manufacture is carried out in a kiln. According 
to the local brick manufacturer there are two types of kilns in Sudan: 
Kamina and Kusha. Kamina is built from fired bricks as a permanent kiln 
with approximate dimensions of 16×4×2 m. The kusha is built from green 
bricks and plastered externally with mud and it is usually built as  
a temporary kiln by the tenants who just rent the land for production only 
during the production season. 
 The losses in fired- bricks fired in kusha is much greater than that fired in 
kamina, this due to the fact that much heat is lost through the mud walls in 
kusha. 
Normally 50000 – 150000 bricks are made into one stack (16). 
Fine combustible material, e.g. Saw dust is spread between the bricks. The 
bottom layers are so stacked that they produce a duct like arrangement.  
The fuel, which is mainly wood and other combustible waste, is inserted into 
these ducts in quantities varying between 50 – 90 kg / thousand bricks (19). 
These kilns are heated for approximately 24 hours and the firing temperature 
is about 850 ºC (18). 
Firing of green bricks changes their physical and chemical structure giving 
them mechanical properties and resistance to slacking by water. 
 
Firing comprises the following stages: 
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1- Drying or smoking stage: in this stage the clay units are heated 
to a temperature not exceeding 150 ºC, where last traces of free 
water are removed. 
2- Preheating stage: It covers temperature range up to 800 ºC. In 
this stage the clay is partially decomposed and its combined 
water is liberated and passes out through the chimney. 
3- Full fire stage: It covers the temperature range of 800 ºC up to 
the maximum temperature required, depending on clay and 
units types. In this stage the kiln is heated up to a maximum 
rate. 
4- The soaking period or the finishing stage: It represents the 
period during which the maximum temperature of heating is 
maintained with the purpose of ensuring all parts of the unit 
attaining the maximum temperature. The principal 
recrystalisation, recombination and liquid formation reaction 
takes place during this period (20). 
2.2.4 Modern Brick Factories: 
     In Sudan there are six operating mechanized brick factories and about 
five either at trial operation or under construction. The operating factories 
are: 
- University of Khartoum Brick Plant at Soba  (10 million brick/year) 
- Sudanese Brick Plant at Elbageer                   (25 million brick/year) 
- Elmatein Brick Plant at Soba                          (15 million brick/year) 
- Moon Light Brick Plant at Elbageer               (400 ton/year) 
- Elzawaia Brick Plant at Omdurman               (400 ton/year) 
- China Brick Plant at Omdurman                    (15 million brick/year) 
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The first four factories depend on Nile sediments as raw materials and have 
similar production lines and kilns. With regard to drying the first two have 
controlled chamber dryers while the third and fourth dry under shed.  
Nile sediments are sensitive to drying; this why drying under shed suffers 
from high percentage of breakage of bricks. This fact also necessitates 
addition of opening materials (sand and or/ grogs) to lessen shrinkage and 
the percentage of breakage. 
      The fifth factory (Elzawaia factory) depends on desert clays (kaolinitic 
type) as raw material and tunnel dryer for drying and tunnel kiln for firing. It 
is the first factory in Sudan which introduce such technologies (tunnel dryer 
and tunnel kiln) and the first factory which uses desert clays. 
    The sixth factory (Chinese factory) is similar to the first four factories but 
it only differs in that it uses desert clays Fig (2.10) and Fig (2.11) show the 
production lines of University of Khartoum Brick Plant and Sudanese Brick 
Plant respectively. 
      All the mentioned factories except Elzawaia and Moon Light factories 
produced perforated bricks of size 230*110*60 mm with perforation ranges 
between 20-30% Elzawaia and Moon Light factories produce block of 
different size but the main sizes is 400*150*200 mm. 
Table (2.8) shows the physical and mechanical properties of bricks of two 
factories while Table (2.9) shows the properties of Elzawaia factory blocks 
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                   Fig (2.10) University of Khartoum Brick Plant at Soba 
Excavator (Nile silt) 
Nile silt stockpile 
Working stockpile 
Box feeder 
Wet Ban 
Rough mill 
Fine mill 
De-air Extruder 
Cutting Machine 
Manual Carts 
Champer dryers 
Hoffman Kiln 
Sale Stock Yard 
Green dried 
bricks 
Green brick 
wastes 
Kaolin stockpile 
Hammer Mill 
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                          Fig (2.11) Sudanese Brick Plant production line 
 
 Table (2.8): Physical and mechanical properties of bricks produced by the 
factories 
Factory Length 
(mm) 
Width 
(mm) 
Height 
(mm) 
Water 
absorption 
(%) 
Compressive 
strength MPa 
Sudanese Brick Plant 
(Elbageer) 
234 114 65 15 18.8 
University of Khartoum 
Brick Plant (Soba) 
245 115 63 12 19.3 
 
Table (2.9): Properties of Elzawaia Factory block 
Dimensions (mm) Sample 
No Length Width Height
Weight 
(Kg) 
Absorption 
(%) 
Crushing Strength 
(N/mm2) 
1 402 154 198 14.559 14.40 3.70 
2 405 154 195 14.300 17.10 4.00 
3 405 154 195 14.355 17.20 3.00 
4 404 154 196 14.475 14.60 2.90 
5 405 154 196 14.275 16.40 3.50 
Average 404.2 154 196 14.393 15.94 3.42 
Clay line 
Mesh Hopper Mill 
Mixer 
Screener 
Bucket elevator 
Mixer
Big box 
feeder 
Mill 
Kaolin line
Extruder 
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2.3 Pozzolana: 
2.3.1 General: 
           Pozzolanas are materials containing reactive silica and / or alumina 
which on their own have little or no binding property. However when mixed 
with lime and in the presence of water, they will set and harden like cement. 
They are an important ingredient in the production of alternative binding 
materials to Portland cement (OPC).  
Cement or some other forms of binding agents are vital elements in almost 
all types of construction and in recent years the cement market has been 
dominated by one product, OPC. In many countries, particularly in the Third 
World, OPC is expensive and scare. This has severely limited the 
construction of affordable housing. Alternative cements provide an excellent 
technical option to OPC at a much lower cost. They have the potential to 
make a significant contribution towards the provision of low – cost building 
materials and consequently affordable shelter (21). 
Pozzolanas can be used in combination with lime or ordinary Portland 
cement (OPC). When mixed with lime, pozzolanas will improve the 
properties of lime – based mortars, concretes and render for use in a wide 
range of building applications. 
Alternatively, they can be blended with OPC to improve the durability of 
concrete and its workability, and reduce its cost considerably. 
2.3.2 The history of pozzolanas: 
          The Greeks and the Romans were the first civilisations known to use 
pozzolanas in lime mortars. The Romans used, not only crushed pottery, 
bricks and tiles that formed the first artificial pozzolanas, but also found that 
some volcanic soils were excellent for producing a hydraulic mortar when 
mixed with lime. Nowadays, a wide variety of siliceous or aluminous 
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materials are used for producing pozzolanas, the common materials being 
calcined clays, pulverised fly ash, volcanic ash and ash from agricultural 
residues such as rice husks. One such soil was found close to the town of 
pozzuoli, near Naples in Italy hence the name pozzolana or pozzolan came.  
Cement or some form of binding agent is a vital element in all types of 
construction and in recent years the cement market has been dominated by 
one product, OPC. In many countries of developing world, OPC is an 
expensive and sometimes scarce commodity and this has severely limited 
the construction of affordable housing. Many of these countries have large 
supplies of pozzolanic materials readily available. In volcanic areas such as 
Central Africa, Central America and Indonesia there are enormous deposits 
of volcanic ash. Although still limited in comparison with the growth of the 
use of pozzolanas in Europe and the USA, there are a growing number of 
developing countries now using more and more pozzolanas in combination 
with lime or OPC (21). 
2.3.3 Uses of pozzolanas: 
       The addition of pozzolana to lime or OPC based product has two major 
advantages: 
     1- The properties of the cement will be improved. 
     2- The costs of pozzolana are usually low and certainly well below that of 
lime or OPC thus cost will be significantly reduced. 
2.3.3.1 Lime – Pozzolana: 
      The addition of pozzolana will decrease setting times and increase the 
strength of lime – based concrete, mortars and renders. It can produce  
a hydraulic cement which has the ability to set under water. Lime pozzolana 
cements can often be produced for less than half the cost of OPC. 
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2.3.3.2 Portland – Pozzolana Cement: 
     Portland – pozzolana cements are used in concrete to replace up to 30% 
of OPC for use in structural applications and up to 50% for non structural 
purposes.  
There are number of significant technical advantages of Portland / pozzolana 
cement: 
     • Improved workability. 
     • Improved water retention (reduced bleeding). 
     • Improved sulphate resistance. 
     • Improved resistance to alkali aggregate reaction. 
     • Low heat of hydration. 
     • Long term strength. 
      The only disadvantage of these blended cements is that their early gain 
of strength is slightly slower. This might mean that the dismantling of 
formwork on structural concrete may need to be delayed (21). 
2.3.4 Composition and chemistry of pozzolana: 
      The chemical composition of pozzolanas varies considerably but the 
following can be taken as rough guide. 
Silica + Alumina + Iron Oxide (not less than 70%) 
Other Oxides and alkali (not more than 15%) 
Loss on ignition (not more than 15%). 
2.3.5 Types of pozzolanas:       
       According to Lea, (37) and Hill et al (36), Pozzolanas are classified into 
two groups, natural and artificial pozzolanas. 
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2.3.5.1 Natural Pozzolanas: 
      The natural pozzolanas include the materials that can be ground and used 
directly without any treatment, natural pozzolanas include: 
● Materials of sedimentary origin: 
 These types of pozzolanas are formed due to the sedimentary processes 
which include the weathering of parent rock and deposition of such materials 
which are rich in amorphous silica; they are of friable soft formation, light in 
colour, easy for mining and extraction (22). 
● Materials of volcanic origin: 
        These represent the most and important part of natural pozzolana. 
Deposit of volcanic ash which are likely to be found are recently active 
volcanoes such as those found in the Mediterranean, the Pacific Region and 
Central Eastern Africa pozzolana  
2.3.5.2 Artificial Pozzolanas: 
       Artificial pozzolanas are produced after treatment of certain raw 
materials rich in active silica and alumina. The treatment is usually heating. 
Artificial Pozzolanas include brick reject, calcined clays, rice husk ash, 
pulverized fuel ash and baggasse ash (22). 
● Calcined clays: 
      Calcined or burnt clays were the earliest pozzolanas used, in the form of 
crushed reject clay bricks, tiles, or pottery which were mixed with lime to 
produce cement for mortars. This process is still used in many countries 
today. Clays which are suitable for use as a pozzolana are very wide spread 
and are readily available in almost all regions of the world. They have been 
used as cement replacement materials on large scale construction 
programmes in a number of countries, particularly USA, Brazil, Egypt and 
India (23). 
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Bain (24) indicated that clay type, nature of impurities, and amount of clay 
present are the factors to be considered in evaluating clays for pozzolanic 
process. He pointed out that heating above 600 ºC is sufficient to make 
kaolinite clay reactive but heating to 950 ºC must be avoided.  
For montomorillonite clay the maximum activity occurs at 600 – 800 ºC. 
Although sandy clays are often used as pozzolana, frequently in the form of 
crushed fired clay bricks, the coarser sand is not reactive. 
 The pozzolanic activity resides in the finer clay mineral fraction, and sandy 
clays may not produce the best pozzolanas. 
Plastic clays, as used in tile manufacture or for pottery, can produce better 
pozzolanas, although the composition of good pozzolanic clays is variable. 
Raw materials for calcined pozzolanas should be free from coarse sand or 
gravel greater than about 0.6 mm in diameter. 
The optimum calcining temperatures for clay pozzolanas are significantly 
below those for clay bricks or tiles and therefor better results are likely to be 
obtained if the moulding and firing process are designed specially for 
pozzolana production. The India standard (IS1344), (1981) gives the 
following range of temperatures for different types of clays: 
       • Montmorillonite type      600 to 800 ºC 
       • Kaolinite type                  700 to 800 ºC 
       • Illite type                          900 to 1000 ºC 
In practice, most clay soils consist of a mixture of minerals, and calcinations 
temperature of 700 to 800 ºC is normally considered suitable. The optimum 
period of calcinations will vary with clay type but is normally around one 
hour or less (24). 
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● Brick reject: 
        Grinding brick reject or broken tiles in a ball mill or hammer mill is 
traditional practice to make (Surkhi) in India, (Semen Morah) in Indonesia 
(Homra) in Egypt (7). However, they are some what coarse but sufficiently 
reactive to enable masonry mortars to set and harden. 
In Indonesia red bricks which are not adequately burnt, or second class 
bricks, and bricks cleared from old mortars are used 
● Pulverized fuel ash (PFA): 
        Pulverized fuel ash, often referred to as fly ash or PFA, is probably the 
pozzolana in greatest use globally today. In 1976, it was estimated that some 
30 million tonnes were used annually and that the annual increase in usage 
was about ten per cent. PFA is the residue from the combustion of 
pulverized coal in power stations and essentially a waste material. 
 PFA is already in fine powdered form and requires no further processing for 
use as a pozzolana and this, combined with its availability in bulk and low 
cost, makes it ideal for blending at cement factories or at large civil 
engineering projects. Its reactivity is not as high as other commonly used 
pozzolanas and it is, therefore, less frequently used in combination with 
lime. 
● Ash from agricultural wastes: 
       Many plant ashes have high silica content and are therefore suitable as a 
pozzolana. In recent years considerable research has gone into identifying 
plant wastes whose ashes produce good pozzolanas and which are available 
in exploitable quantities. Rice husk, a waste product of rice milling has been 
shown to have the greatest potential: 
          - It is available in large quantities in many part of the world. 
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           - When burnt, it produces a large quantity of ash about one tonne for      
every five tonnes of husk. 
             - The ash typically contains approximately 90 per cent silica and it            
therefore an excellent pozzolana. 
The ash of rice husk to be highly pozzolanic it has to be burnt under 
controlled conditions at temperatures below 700ºC; otherwise the silica 
becomes crystalline and loses its reactivity. 
2.3.6 Types of Pozzolana Cement: 
              Pozzolanas can be used with cement to produce Portland Pozzolana 
Cement (PPC), and with lime to produce Lime Pozzolana Cement (LPC) 
2.3.6.1 Portland Pozzolana Cement (PPC): 
       As the name suggests, this type of cement is produced by blending or 
intergrinding OPC with a pozzolana . The pozzolana to be used has to be dry 
and in fine powdered form. Some pozzolanas such as pulverized fuel ash 
will directly meet these requirements while others require processing. 
2.3.6.2 Lime Pozzolana Cement (LPC): 
As the name suggests lime/pozzolana cements are produced by blending or 
intergrinding lime with a pozzolanic material. The pozzolana to be used 
must be dry and in fine powdered form. 
2.3.7 Advantages of pozzolana: 
     • Cheaper in price 
     • Easy to work with 
     • Reduces heat of hydration thus, preventing cracking of concrete. 
     • Reduces bleeding and segregation of concrete. 
     • Reduces the effect of alkali - aggregate reaction. 
     • Resistant to sulphate attack. 
     • Suitable to use in highly polluted areas. 
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2.3.8 Test methods for pozzolanas: 
     Tests are required for number of reasons: 
        1. To assess the viability of a new potential pozzolanic deposit 
        2. To provide quality control on a daily basis as part of  
a production process. 
       3- To provide long term quality control of the pozzolanic resource. 
Many of the standard tests specified in the relevant literature and in the 
national standards which cover testing of pozzolanas (in India and USA 
for example), require sophisticated and expensive laboratory equipment 
to evaluate the pozzolanicity of a particular material. In developing 
countries where such equipment is beyond the reach of small scale 
producers and where such laboratory facilities are often non existent and 
many of the consumables hard to secure, determining pozzolanicity can 
be major problem. The time required to carry out such tests is also often 
very lengthy, often requiring a month or more for curing samples. This is 
not such a problem where the aim is to cover points 1 or 3 from the list 
above, but for short term day to day analysis of the raw materials, a 
faster, simpler test is often required. 
2.3.8.1 Test methods: 
        The following tests are examples of standards developed by 
countries to allow accurate characterization of pozzolanic materials. 
There are also even more sophisticated procedures used, such as x-ray 
diffraction or electron microscopy to determine whether the structure of 
 a pozzolana is amorphous (more reactive with lime) or crystalline.  
● American Society for Testing and Material (ASTM) Standard: 
  The ASTM C 311 – 77 gives a brief summary of the test methods (25). 
- Chemical analysis: 
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(i) Moisture content (M.C): 
This is determined by drying sample in an oven and weighing to 
determine the percentage weight loss. 
(ii) Loss on ignition: 
This is a loss of weight due to release of volatiles on ignition. A sample is 
ignited in a furnace under controlled conditions and the weight loss 
measured. This applies to pozzolanas which have to be calcined for use 
given as a weight percentage loss. 
(iii) Chemical content: 
          • Silicon dioxide (SiO2) 
          • Aluminium oxide and iron oxide (Al2O3 and Fe2O3) 
          • Calcium oxide (CaO). 
             • Magnesium oxide (MgO). 
             • Sulfur trioxide (SO3). 
         • Available alkalies (Na2O, K2O etc). 
These tests are carried out using specified reagents and the result is given 
as a percentage of the total weight.  
- Physical tests: 
(i) Fineness: 
            Fineness is calculated after wet sieving a sample of pozzolana on 
a no 325 (45µm) sieve. 
     (ii) Soundness: 
           Soundness of a sample is a measurement of its tendency to crack, 
distort, pit or disintegrate. The autoclave method is used. This method 
tests for expansion after a certain period of time at elevated temperature 
in an autoclave. 
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    (iii) Drying shrinkage: 
                   Specimens 250*10*10mm (3 of mortar and 3 of concrete) are 
incubated and measured for shrinkage after 8, 16, 32 and 64 weeks. 
Length change data, reported as percent increase or decrease in linear 
dimension to the nearest 0.001% is based on an initial measurement made 
at the time of removal from the moulds. 
(IV) Water requirement: 
                Determination of water required to produce a specified flow in 
a pozzolana mix. 
(V) Reactivity with cement alkalies: 
              Tests to determine the expansion of mortar due to the alkali 
aggregate reaction. 
● Indian Standard (IS): 
                  The Indian Standard for methods of test for pozzolanic materials 
(1967) gives a variety of tests for determining various characteristics of 
pozzolanas. They are briefly described below (26). 
- Chemical analysis: 
The chemical analysis will determine the following characteristics for 
pozzolanas: 
 ● Loss on ignition: This is the loss of weight due to release of volatiles          
on ignition. 
A sample is ignited in a furnace under controlled conditions and the weight 
loss is measured. This applies to pozzolanas which have to be calcined for 
use.  
 ● Silica content (SiO2). 
 ● Combined ferric oxide and alumina content (Al2O3 and Fe2O3). 
 ● Ferric oxide content (Fe2O3). 
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● Alumina content (Al2O3 ). 
 ● Calcium oxide content (CaO). 
 ● Magnesia content (MgO). 
 ● Determination of soluble salts 
   These chemical tests are performed using specific reagents. Results 
of chemical content are given as a weight percentage. 
- Fineness: 
 ● To determine the specific surface of the pozzolana given in cm2/g. 
 ● To determine the fineness by sieving. 
- Soundness: 
      Soundness of a sample is a measurement of it tendency to crack, distort 
pit or disintegrate. Either of the two following tests can be used to establish 
soundness: 
● Le Chatelier method uses a simple expandable ring to indicate the 
expansion of a sample over a set period of time. 
● The autoclave method. This method tests for expansion after a certain 
period of time at elevated temperature in an autoclave. 
The sample is prepared in accordance with the Indian Standard for testing 
cement, but in place of cement a mixture of pozzolana and cement in ratio 
0.2N: 0.8 by weight is used, where, 
N = Specific gravity of pozzolana 
         Specific gravity of cement 
- Initial and final setting time: 
                  Simple tests are carried out to determine the setting times for 
a lime - pozzolana and lime – cement sample. Apparatus used is called 
the Vicat set 
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- Lime reactivity: 
      The test for lime reactivity as given in these standard is very 
similar to the test for compressive strength. A series of 50mm cubes 
are prepared using a lime: pozzolana: sand mixture. They are allowed 
to cure for 8 days in an incubator and the compressive strength of the 
cubes is measured. Results are given in kg/cm2. 
- Compressive strength: 
A similar test is carried out as for the lime reactivity given above, but 
the mix contains cement in place of lime. Compressive strength tests 
are carried out on specimens which have been incubated for 7, 28 and 
90 days. A control test is also carried out using a pozzolana free 
mixture. Three 50mm cubes are tested and the average figure used. 
Again the result is given in kg/cm2. 
     - Drying shrinkage:   
           A Simple test on a 250*10*10 mm block to deduce the shrinkage       
               over a 7 and 35 day period. 
      - Reduction in alkalinity and silica release: 
                  Only applicable to certain pozzolanas, this test helps to 
ascertain the effectiveness of some pozzolanas in reducing the 
harmful effects of alkali – aggregate reaction in concrete. It is a 
chemical test using reagents to determine the reduction in alkalinity, 
given in millmoles/litre (26). 
The Indian Standard Specification for lime – pozzolana mixture (IS 4098 – 
1967) stipulates specific characteristics of different grades of such a mixture 
in terms of maximum free moisture content, loss on ignition and proportion 
retained on a 150 micron sieve; initial and final setting times; compressive 
strength and moisture retention. The minimum 28 day compressive strength, 
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for example, is specified at between 7 and 40 kg/cm2 depending on grade of 
materials see table (2.10). 
 
Table (2.10): The Indian specification for lime pozzolana mixture 
 (IS 4098 1967) 
Requirement  
Characteristic Type 
LP 40 
Type 
LP20 
Type 
LP7 
1. Free moisture percent, max 5 5 5 
2. Loss on ignition percent, max 20 20 20 
3. Fineness percent retained on 150 micron IS sieve 10 10 - 
4.Setting time (hr) 
a/ initial, min 
b/ final, max 
 
2hr 
24hr 
 
2hr 
36hr 
 
2hr 
48hr 
5.Compressive strength (Kg/Cm2) 
    a/ 7 days, min 
    b/ 28 days, min 
 
20 
40 
 
10 
20 
 
3 
7 
6.Water retention (percent of original flow, minimum) 70 70 70 
 
● Type LP40: for masonry mortars and concrete foundation from (29.4 to 
49.0 kg/cm2). 
● Type LP20: for masonry mortars and for foundation concrete from (14.7 
to 29.4 kg/cm2). 
● Type LP7: for masonry mortars from (2.9 to 7 kg/cm2). 
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Chapter three 
      3. Experimental Work: Production of Pozzolana from 
expansive soil of Gedarif 
3.1 Introduction: 
            The objective of this study is to produce pozzolana from black cotton 
soil and compare it with that of other soil (e.g Soba soil). 
       In this respect black cotton soil from Gedarif area, and Nile deposited at 
Soba West at University of Khartoum brick plant location are used to 
produce pozzolana. Then pozzolanity of the produced pozzolana is tested 
through determination of compressive strength of lime pozzolana cement, 
and Portland pozzolana cement.  
3.2 Characterization of soils: 
 The following tests were carried out in order to characterize the said soils. 
3.2.1 Particle size distribution: 
         Mechanical analysis including dry sieving, wet sieving and hydrometer 
analysis was conducted on samples according to B.S 1377 part 2–1990. The 
result obtained was expressed on table (3.1), and figure (3.1). 
3.2.2 Atterberge limits and Linear Shrinkage: 
            These tests were conducted according to B.S 1377 part 2–1990. The 
results are shown in Table (3.1) and Figure (3.1). 
Table (3.1): Physical properties of Gedarif and Soba soils 
Particle size distribution   
(%) 
Atterberge limits (%)  
Type of soil 
Clay Silt Sand L.L P.L P.I 
Linear 
shrinkage
 (%) 
Gedarif 48 52 0 79 29 50 18.6 
Soba 24 76 0 57 37 20 13.6 
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               Fig (3.1) Particle size distribution of Gedarif and Soba soils 
 
 
3.2.3 Chemical analysis: 
                       Chemical analysis was conducted in the chemical laboratory 
of the Industrial Research and Consultancy Centre, Ministry of Science and 
Technology. Table (3.2) shows the chemical composition of Gedarif and 
Soba soils. 
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Table (3.2): Chemical analysis of Gedarif and Soba soils 
Percentage (%) Constituent 
Gedarif soil Soba soil 
SiO2 44.03 44.10 
Fe2O3 9.01 10.03 
Al2O3 20.66 18.84 
MgO 5.04 4.31 
SO3 0.81 0.75 
CaO 4.01 7.50 
Na2O 0.49 2.40 
K2O 0.50 1.40 
Organic content - 1.84 
Loss ignition 10.90 7.97 
 
 
3.2.4 X - Ray diffraction (XRD) Analysis: 
       X - Ray diffraction technique is one of the most effective tools which is 
widely used as rapid method in the mineralogical analysis of rock 
formations. The main purpose of using X-Ray diffraction in this study is to 
provide detailed information about mineralogical composition of the 
samples. 
X-Ray diffraction analysis was carried out in order to identify and semi-
quantitatively deduce the percentages of the different clay minerals present 
in the studied sample. In this study, both of the whole rock and the less of 
two microns clay fraction were examined. The XRD analysis was conducted 
in Central Petroleum Laboratories (CPL), Sudanese Petroleum Corporation 
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(SPC), Ministry of Energy and Mining. The results are shown in fig (3.2) 
and fig (3.3) for Gedarif soil and fig (3.4) and fig (3.5) for Soba soil. From 
these tests the main clay minerals of Gedarif and Soba soils are smectite, 
kaolinite while their main non clay mineral is quartz. 
3.3 Pozzolanas: 
3.3.1 Production of pozzolanas: 
         In this study the two soils were calcined at different temperatures to 
produce pozzolana. The goal of firing at different temperatures is to find 
optimum temperature for the production of goad quality pozzolana. The 
selected temperature for Gedarif soils were 600 ºC, 700 ºC, and 800 ºC. 
 Based on the results of the degree of pozzolanity of Gedarif soil the selected 
temperature for calcinations of Soba soil were 700 ºC, and 800ºC. 
The soils were crushed and fired in the electrical furnace of the Building and 
Road Research Institute of University of Khartoum. 
3.3.2 Pozzolanity of produced pozzolanas: 
   It is determined by two different methods: either by determining the 
compressive strength of lime pozzolana mortar or by determining the 
compressive strength of Portland pozzolana cement mortar. 
A- Lime pozzolana mortar method: 
   Determination of pozzolanity by this method is carried out in accordance 
with ASTM C593 – 70, where lime pozzolana mortars were prepared, casted 
and tested according to this standard. 
A.1- Materials used in mortar preparation are: 
● Lime: It is hydrated lime Ca(OH)2 produced as a by product from Liquid 
air factory in Khartoum North, Sudan. 
● Sand: It is standard sand prepared in accordance with BS No 12 (1978) 
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A.2- Preparation, casting and testing of mortar cubes: 
The burnt clays were ground to pass 425 µ sieve. The lime pozzolana mortar 
was prepared using ratio of 1: 2: 8.22 (by weight) lime: pozzolana: sand as 
specified by the above said standard. Accordingly the lime – pozzolana 
mortar consist of the following proportions of the dry materials: 
Hydrated lime                     180 g 
 Pozzolana                           360 g  
 Standard sand                     1480 g 
The amount of mixing water is 0.485 of the combined weight of lime and 
pozzolana. The materials were thoroughly mixed dry and then wet. 
Compressive strength tests are carried out on a mould which is made of three 
cubical compartments, each measure 50*50*50 mm. Each mould was filled 
in three layers, and each layer was tamped 32 times with a 16 mm diameter 
rod. The cubes were demoulded after 24 hours. Curing was carried in humid 
condition, and then cubes are crushed after 7, 14, and 28 days. 
The obtained results are shown in tables (3.3 to 3.9).  
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Table (3.3): Compressive strength of lime – pozzolana mortar of Gedarif soil 
when calcined at 600 ºC 
Age (days) 
7 14 28 
 
 
Cube No Load 
(Ton)
Compressive 
strength 
Kg/Cm2 
Load 
(Ton)
Compressive 
strength 
Kg/Cm2 
Load 
(Ton) 
Compressiv
e strength 
Kg/Cm2 
1 0.05 2.01460 0.10 4.0292 0.15 6.0438 
2 0.02 0.80584 0.10 4.0292 0.20 8.0584 
3 0.03 1.20876 0.10 4.0292 0.25 10.073 
*Average 0.03 1.36900 0.10 4.0290 0.20 8.0580 
 
* Cube (1) at 7 days is neglected 
Table (3.4): Compressive strength of lime – pozzolana mortar of Gedarif soil 
when calcined at 700 ºC 
Age (days) 
7 14 28 
 
 
Cube No Load 
(Ton)
Compressive 
strength 
Kg/Cm2 
Load 
(Ton)
Compressive 
strength 
Kg/Cm2 
Load 
(Ton) 
Compressive 
strength 
Kg/Cm2 
1 0.05 2.0146 0.20 8.05840 0.27 10.87884 
2 0.10 4.0292 0.20 8.05840 0.30 12.08760 
3 0.10 4.0292 0.22 8.86424 0.42 16.92264 
*Average 0.10 4.0292 0.21 8.32700 0.33 13.29600 
 
* Cube (1) at 7 days is neglected 
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Table (3.5): Compressive strength of lime – pozzolana mortar of Gedarif soil 
when calcined at 800 ºC 
Age (days) 
7 14 28 
 
 
Cube No Load 
(Ton)
Compressive 
strength 
Kg/Cm2 
Load 
(Ton)
Compressive 
strength 
Kg/Cm2 
Load 
(Ton) 
Compressive 
strength 
Kg/Cm2 
1 0.10 4.0292 0.20 8.05840 0.23 9.26716 
2 0.10 4.0292 0.15 6.04380 0.20 8.05840 
3 0.10 4.0292 0.16 6.44672 0.22 8.86424 
Average 0.10 4.0292 0.17 6.849 0.22 8.729 
 
 
 
 
Table (3.6): Summary of compressive strength of lime – pozzolana mortar of 
Gedarif soil at different temperatures 
Age (days) Calciend 
temperature (ºC) 7 14 28 
600 ºC 1.369 4.029 8.058 
700 ºC 3.358 8.327 13.296 
800 ºC 4.029 6.849 8.729 
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Table (3.7): Compressive strength of lime – pozzolana mortar of Soba soil 
when calcined at 700 ºC 
Age (days) 
7 14 28 
 
 
Cube No Load 
(Ton)
Compressive 
strength 
Kg/Cm2 
Load 
(Ton)
Compressive 
strength 
Kg/Cm2 
Load 
(Ton) 
Compressive 
strength 
Kg/Cm2 
1 0.48 19.3400 0.75 30.2190 0.87 35.054 
2 0.56 22.5632 0.72 29.0102 0.95 38.277 
3 0.70 28.2044 0.86 34.6511 0.90 36.263 
*Average 0.52 20.9518 0.78 31.2934 0.91 36.531 
 
* Cube (3) at 7 days is neglected  
 
Table (3.8): Compressive strength of lime – pozzolana mortar of Soba soil 
when calcined at 800 ºC 
Age (days) 
7 14 28 
 
 
Cube No Load 
(Ton)
Compressive 
strength 
Kg/Cm2 
Load 
(Ton)
Compressive 
strength 
Kg/Cm2 
Load 
(Ton) 
Compressive 
strength 
Kg/Cm2 
1 0.60 24.1752 0.90 36.2628 1.20 48.3504 
2 0.60 24.1752 0.93 37.4716 1.00 40.2920 
3 0.65 26.1898 1.00 40.2920 0.98 39.4862 
Average 0.62 24.847 0.94 38.009 1.06 42.709 
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Table (3.9): Summary of compressive strength of lime – pozzolana mortar of 
Soba soil at different temperatures 
Age (days) Calciend 
temperature (ºC) 7 14 28 
700 ºC 23.369 31.293 36.531 
800 ºC 24.847 38.009 42.709 
 
B- Portland pozzolana Cement mortar method: 
    Determination of pozzolanity by this method is done in accordance with 
ASTM C595 – 98.  
B.1- Materials used in mortar preparation:  
    ● Portland pozzolana cement:  
        It is prepared by replacing 20% ( by weight) of the Ordinary Portland 
Cement by pozzolana which in this case is the burnt clays of Gedarif and 
Soba and Portland Cement is the Ordinary Portland Cement which meet the 
requirement of BS 12- 1996 standard specification. The result of tested 
Portland cement is shown in table (3.10). 
Table (3.10): Portland Cement tests 
Test conducted Results Requirement of 
BS 12 – 1996 
Setting times (Hrs) 
1- Initial 
2- Final 
 
2.24 hrs 
3.26 hrs 
 
Not less than 45 min 
Not more than 10 hrs  
Compressive strength (N/mm2) 
1- At 2 days 
2- At 28 days 
 
19.4 
53.5 
 
Equal or greater than 10N/mm2 
Equal or greater than 42.5N/mm2
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● Sand: It is standard sand prepared in accordance with BS No 12 (1978). 
B.2- Preparation, casting and testing of mortar cubes: 
The mortar cubes were prepared, casted and tested as outlined previously in 
section 3.3.2 (A). The only difference is that, the mix proportion is 1: 2.75 
Portland pozzolana cement to sand by weight, and that the cubes were filled 
in two layers by tamping and cured inside water after demoulding. Table 
(3.11) shows the mix proportion of Portland pozzolana cement.  
The tests results are shown in tables below. 
 
Table (3.11): Composition of mortars (27) 
Number of specimens      6 9 
Cement (gm)                    500 740 
Sand (gm)                        1375 2035 
Water (ml)                       242 359 
 
 
Table (3.12): Compressive strength of pure Portland Cement 
Age (days) 
7 14 28 
 
 
Cube No Load 
(Ton)
Compressive 
strength 
Kg/Cm2 
Load 
(Ton)
Compressive 
strength 
Kg/Cm2 
Load 
(Ton) 
Compressive 
strength 
Kg/Cm2 
1 10.0 402.920 11.6 467.387 15.0 583.20 
2 10.8 435.154 11.5 463.358 15.7 610.42 
3 09.6 386.803 10.8 435.154 14.5 563.76 
Average 9.87 408.292 11.3 455.299 15.1 585.79 
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Table (3.13): Compressive strength of Portland – pozzolana cement of 
Gedarif soil when calcined at 700 ºC 
Age (days) 
7 14 28 
 
 
Cube No Load 
(Ton)
Compressive 
strength 
Kg/Cm2 
Load 
(Ton)
Compressive 
strength 
Kg/Cm2 
Load 
(Ton) 
Compressive 
strength 
Kg/Cm2 
1 6.50 261.898 9.5 382.774 12.6 489.89 
2 6.45 259.883 9.5 382.774 12.8 497.66 
3 6.95 280.029 9.0 362.628 13.0 505.44 
Average 6.63 276.270 9.3 376.059 12.8 497.66 
 
 
 
Table (3.14): Compressive strength of Portland – pozzolana cement of Soba 
soil when calcined at 700 ºC 
Age (days) 
7 14 28 
 
 
Cube No Load 
(Ton)
Compressive 
strength 
Kg/Cm2 
Load 
(Ton)
Compressive 
strength 
Kg/Cm2 
Load 
(Ton) 
Compressive 
strength 
Kg/Cm2 
1 7.7 310.248 8.3 334.424 09.3 361.58 
2 8.1 326.365 9.0 362.628 10.5 408.24 
3 7.9 318.307 9.0 362.628 10.0 388.80 
Average 7.9 318.307 8.8 353.227 09.9 386.21 
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Table (3.15): Compressive strength of Portland – pozzolana cement of Soba 
soil when calcined at 800 ºC 
Age (days) 
7 14 28 
 
 
Cube No Load 
(Ton)
Compressive 
strength 
Kg/Cm2 
Load 
(Ton)
Compressive 
strength 
Kg/Cm2 
Load 
(Ton) 
Compressive 
strength 
Kg/Cm2 
1 8.7 350.540 9.7 390.832 12.7 493.78 
2 8.8 354.569 9.3 374.716 12.7 493.78 
3 9.1 366.657 9.3 374.716 13.2 513.22 
Average 8.9 357.255 9.4 380.088 12.9 500.26 
 
 
Table (3.16): Comparison of compressive strength of Portland– Pozzolana 
Cement of Gedarif and Soba soils with Ordinary Portland Cement 
compressive strength: 
Compressive strength (Kg/Cm2) 
Age (days) 
 
Type of cement 
7 14 28 
Pure Portland cement 408.292 455.299 585.79 
Portland-Pozzolana Cement of 
Gedarif soil calciend at 700 ºC 
 
267.270 
 
376.059 
 
497.66 
Portland-Pozzolana Cement of 
Soba soil calciend at 700 ºC 
318.307 353.227 386.21 
Portland-Pozzolana Cement of 
Soba soil calciend at 800 ºC 
357.255 380.088 500.26 
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3.4 Result and discussion: 
3.4.1 Characterization of soils:  
Gedarif and Soba soils which used in this study are characterized physically, 
chemically, and mineralogically.  
A- Gedarif soil: 
● Physical properties of soils: 
Table (3.1) and fig (3.1) shows the particle size distribution, Atterberge 
limits and linear shrinkage of Gedarif soils. 
 The soil is well-graded clayey silt, the amount of clay of Gedarif soil is 48% 
and silt content is 52%. 
Result also indicates high plastic materials (P.L=29%, P.I= 50%, L.L=79%, 
and L.S= 18.6%).  
● Chemical composition: 
       According to table (3.2), the content of silica, alumina and iron together 
are 73.7% and the content of other oxides and alkalis are 10.85% and, loss 
on ignition is 10.9% are all with in the limit stated for soils suitable for 
production of pozzolana.   
● Mineralogical composition: 
      The results of mineralogical analysis which are shown in fig (3.2) and fig 
(3.3) show that the main clay minerals of Gedarif soil are smectite then 
chlorite, Kaolinite, and illite. 
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                     Figure (3.2) X-Ray analysis of Gedarif soil (Clay fraction) 
                                        
                       Figure (3.3) X-Ray analysis of Gedarif soil (whole rock) 
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B- Soba soils: 
● Physical properties of soils: 
According to table (3.1) and fig (3.1) the soil is well graded clayey silt. Clay 
content is 24% and silt content is 76%. Plastic limits are (P.L=37%, 
P.I=20%, L.L=57% and L.S=13.6%). 
● Chemical composition: 
  According to table (3.2) the content of silica, alumina and iron (72.97%) 
and loss on ignition are within limits stated for soils suitable for production 
of pozzolana, but contents of other oxides and alkalis are slightly beyond the 
limits. 
This shows that the two soils (Gedarif and Soba) are similar in contents of 
silica, alumina and iron but differ completely in contents of alkalis and other 
oxides and loss on ignition. 
● Mineralogical composition: 
          The results of mineralogical analysis which are shown in fig (3.4) and 
fig (3.5) show that the main clay minerals of Soba soil are smectite then 
chlorite, Kaolinite, and illite, while the main non clay mineral is quartz. 
 
 
                         Figure (3.4) X-Ray analysis of Soba soil (Clay fraction) 
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Figure (3.5) X-Ray analysis of Soba soil (whole rock) 
 
3.4.2 Compressive strength: 
        The strength of mortars depends on the degree of pozzolanity, the sand 
used, and the rate of the reaction between the active silica and alumina with 
lime.  
3.4.2.1 Compressive strength of lime – pozzolana mortar of Gedarif soil: 
(i) Lime – pozzolana mortar of Gedarif soil calcined at 600 ºC: 
            The compressive strength of lime – pozzolana mortar cubes of 
Gedarif soil calcined at 600 ºC is shown in Table (3.3). The average of 
compressive strength reported at 7, 14, and 28 days were 1.369, 4.029, and 
8.058 kg/cm2 respectively. This confirms that the strength increases with 
time. 
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   The minimum requirements of the Indian Standard (IS 4098 – 1967) which 
are shown in Table (2.8) are 3 kg/cm2 after 7 days and 7 kg/cm2 after 28 
days for type LP7 which is used for masonry mortar, so this mortar meet the 
requirement at age of 28 days but did not meet the requirement at age 7 
days.  
(ii) Lime – pozzolana mortar of Gedarif soil calcined at 700 ºC: 
           The compressive strength of lime – pozzolana mortar cubes of 
Gedarif soil calcined at 700 ºC is shown in Table (3.4). The average of 
compressive strength at 7, 14, and 28 days were 4.0292, 8.327, and 13.296 
kg/cm2 respectively.  
This confirms that the strength increases with time and that this mortar 
meets the requirement of mortar type LP7 of the Indian Standard. 
 (iii) Lime – pozzolana mortar of Gedarif soil calcined at 800 ºC: 
          The compressive strength of lime – pozzolana mortar cubes of Gedarif 
soil calcined at 800 ºC is shown in Table (3.5) .The average of compressive 
strength at 7, 14, and 28 days were 4.0292, 6.849, and 8.729 kg/cm2 
respectively. This confirms that the strength increases with time. This mortar 
meets the requirements specified by the Indian Standard for type LP7. The 
strength of this mortar is lower than that of mortar obtained by calcinations 
at 700 ºC i.e calcinations of Gedarif soil at 700 ºC give better results than 
calcination at other temperatures 600 ºC and 800 ºC. 
3.4.2.2 Compressive strength of lime – pozzolana mortar of Soba soil: 
(i) Lime – pozzolana mortar of Soba soil calcined at 700 ºC: 
           The compressive strength of lime – pozzolana mortar cubes of Soba 
soil calcined at 700 ºC is shown in Tables (3.7).  
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The average of compressive strength at 7, 14, and 28 days were 20.9518, 
31.293, and 36.531 kg/cm2 respectively. This confirms that the strength 
increases with time. 
The requirements of the Indian Standard (IS 4098 – 1967) which are shown 
in Table (2.8) are 10 kg/cm2 at 7 days and 20 kg/cm2 at 28 days for type 
LP20 which is used for masonry mortar and foundation, so the above result 
satisfies the requirement of the Indian Standard for type LP20. Moreover it 
nearly to satisfy requirement of type LP40 of this Standard 
(ii) Lime – pozzolana mortar of Soba soil calcined at 800 ºC: 
The compressive strength of lime – pozzolana mortar cubes of Soba soil 
calcined at 800 ºC is shown in Tables (3.8).  
The average of compressive strength at 7, 14, and 28 days were 24.847, 
38.009, and 42.709 kg/cm2 respectively. This confirms that the strength 
increases with time. 
 The above result satisfies the requirement of type LP40 of the Indian 
Standard shown in table (2.8). 
3.4.2.3 Compressive strength of Portland – Pozzolana cement: 
Pure Portland cement is tested and, results are listed in Table (3.10).  
The compressive strength of pure cement at 7, 14, and 28 days are shown in 
Table (3.12) are 408.292, 455.299, and 585.79 kg/cm2 respectively.                
(i) Portland – Pozzolana cement of Gedarif soil calcined at 700 ºC: 
        As said before this cement is prepared by replacing 20% of OPC by the 
pozzolana obtained by calcining Gedarif soil at 700 ºC 
    The obtained strength of Portland-Pzzolana cement is more than 75% of 
strength of pure OPC at age of 14 and 28 days but at age of 7 days it is less. 
This indicates that the comparison should be done at later ages. Accordingly 
this Portland pozzolana cement match with ASTM Standard (C595-98). 
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 (ii) Portland – Pozzolana cement of Soba soil calcined at 700ºC and 
800ºC: 
     The obtained strengths for both Soba pozzolanas that calcined at 700ºC 
and 800ºC are more than 75% of strength of pure OPC, indicating that they 
are matching with the American Standard. 
It is worth to mention that Soba clays give better pozzolana than Gedarif 
clays although their amount of silica and alumina are almost the same and 
mineralogically they contain the same minerals, but they greatly differ in 
their physical properties especially clay and silt content which they are 48 
and 52% for Gedarif soil and 24 and 76% for Soba soil. 
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Chapter Four 
        4. Experimental Work: Production of Fired clay bricks 
from expansive soil of Gedarif 
4.1 Introduction: 
          The purpose of this work is to study the suitability of the black cotton 
soil (BCS) of El Gedarif for production of fired clay bricks. This includes 
the extrudability of the soil and then drying and firing behavior of its 
manufactured bricks. The study was extended to include the effect of 
additives required to improve the production of brick from this soil. 
4.2 Materials used in manufacture of bricks: 
1. Black cotton soil of El Gedarif: 
This soil was characterized as outlined previously.  
2. Grogs: 
These grogs were produced from the broken bricks of this soil. Particle size 
distribution of the used grogs is shown in table (5.1) and figure (5.1). 
 4.3 Manufacture of brick models: 
First brick models of size 100*35*20 mm were produced from pure soil, 
using laboratory extrusion machine of Building and Road Research Institute 
(BRRI). The soil extrude well and the model bricks showed cracks during 
drying at room temperature and drying accompanied by high shrinkage 
(about 10%). It is realized that shrinkage stopped after three days of drying 
while bricks still losses its moisture content. At this point the moisture 
content called critical moisture content, (Figs 4.2-4.6). 
The shrinkage measured by making a straight line on surface of bricks and 
its dimension measured every day until the weight of bricks become 
constant. The dried bricks then fired in (BRRI) electric furnace.  
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The bricks fired at a temperature of 850 ºC with soaking period of one hour. 
Bricks completely damaged during firing.  
It thought first that this may be due to the fact that the bricks were not 
completely dried. So other sample of dried manufactured bricks was taken 
and dried in oven at 110 ºC for 24 hours before being fired again to remove 
any traces of water. But still there was breakage and complete damage of 
bricks on firing.  
To get rid of this problem grog of the same bricks were added in different 
proportions. It is intended in this work not use other foreign materials like 
sand, kaolinitic clays because they may not be available in the same location 
of (BCS) or even at near by areas. 
The proportions tried were: 10%, 20%, and 25% by volume of the soil. The 
following remarks can be passed: 
(i) When adding 10% grogs. The drying behavior is the same as that for pure 
clay i.e the same magnitude of shrinkage (10%) on the same period of 
drying (three days). But firing behavior improved where the bricks showed 
large cracks but did not break or damage. 
(ii) On adding 20% grogs both drying and firing behavior improved where 
drying shrinkage become 5% only and the heavy cracks on firing become 
hair cracks and some times disappear. 
(iii) Further addition of grogs to reach 25% brought no further improvement 
in both drying and firing behavior which is shows that the 20% addition of 
grogs to Gedarif clays gives the optimum mix.    
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4.4 Discussion of results: 
- Pure Gedarif soil on drying, at room temperature showed cracks due to the 
high shrinkage since clay is montomorillinitic (smectite) of known swelling 
properties. 
- Addition of grogs as opening material reduced shrinkage and hence reduce 
cracks where addition of 10% grogs reduces shrinkage from 10% to 6% on 
the next day, while reduction in shrinkage is further increased to 5% when 
20% grogs are added. 
But further addition of grogs (25%) has minor effect where shrinkage only 
reduced to 4.6%. 
- Drying shrinkage stops at certain moisture content while still there is 
reduction in weight of sample due to removal of water by drying 
(evaporation). This moisture content called critical moisture content. Drying 
after this stage can be rapid and by any mode without fear of damaging the 
bricks. 
 - From drying curves there seams to be three stages. At first stage there is 
high loss in weight i.e high rate of drying and at the second stage there is 
loss in weight, and in the third is steady loss in weight. 
- All this means that drying of such types of soil should be gradual or 
controlled otherwise bricks cracks. 
- Addition of grogs also has great effect on firing since, where bricks are no 
longer damage and heavy cracks become hair cracks. 
In addition of 10% grogs no damage take place but there were deep cracks, 
on further addition, 20% the cracks become very smalls or even disappear. 
Addition of 25% grogs gave no additional improvement; this is why 20% 
addition of grogs gives the best mix. 
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-From above discussion it can be said from black cotton soil fired clay bricks 
can be produced with some treatments. 
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                                    Fig (4.1) Grain size Distribution of Grogs 
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Table (4.1): Sieve analysis of grogs 
B.S. Sieve 
Size (mm) 
Retained by 
weight (kg) 
% age retained 
By weight 
% age passing  
By weight 
38.1 0 0 100 
25.4 0 0 100 
19.1 0 0 100 
12.7 0 0 100 
9.51 0 0 100 
5.600 0.20 0.2 99.8 
4.760 0.40 0.4 99.6 
2.800 04.30 3.9 96.1 
2.000 11.20 10.1 89.9 
1.400 29.90 26.9 73.1 
0.100 44.20 39.8 60.2 
0.170 56.80 51.2 48.8 
0.500 68.30 61.5 38.5 
0.425 71.10 64.1 35.9 
0.250 81.50 73.4 26.6 
0.212 83.40 75.1 24.9 
0.180 86.10 77.6 22.4 
0.150 88.10 79.4 20.6 
0.125 90.60 81.6 18.4 
0.090 93.80 84.5 15.5 
0.075 99.20 89.4 10.6 
Pan 0.063 111.0 100.0 0.0 
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Table (4.2): Drying behavior of Gedarif pure soil, Gedarif soil with 10% grogs, Gedarif soil with 20% grogs, and 
Gedarif soil with 25% grogs. 
Pure Gedarif soil Gedarif soil with 10% 
grogs 
Gedarif soil with 20% 
grogs 
Gedarif soil with 25% 
grogs 
     Property 
 
Days Weight 
of brick 
Length of 
straight line on 
bricks 
Weight 
of brick 
Length of 
straight line on 
bricks 
Weight 
of brick 
Length of 
straight line on 
bricks 
Weight 
of brick 
Length of 
straight line on 
bricks 
1 166.7 8.0 (cm) 172.7 8.0 (cm) 159.0 8.0 (cm) 174.0 8.0 (cm) 
2 138.6 7.3 141.7 7.5 129.3 7.6 148.7 7.7 
3 130.1 7.2 126.7 7.2 117.3 7.4 130.0 7.4 
4 127.7 7.2 120.0 7.2 114.7 7.4 126.3 7.4 
5 125.9 7.2 119.0 7.2 112.3 7.4 116.7 7.4 
6 125.3 7.2 118.0 7.2 112.3 7.4 116.7 7.4 
7 125.3 7.2 118.0 7.2 112.3 7.4 116.7 7.4 
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                    Fig (4.2) Drying behavior of pure Gedarif soils 
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                Fig (4.3) Drying behavior of Gedarif soils with 10% grogs         
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         Fig (4.4) Drying behavior of Gedarif soils with 20% grogs 
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                Fig (4.6) Drying behavior of Gedarif soils with 25% grogs 
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CHAPTER Five 
5. CONCLUSION AND RECOMMENDATIONS 
5.1 Conclusion: 
●Pozzolana: 
       5.1.1 The optimum calcination temperature of expansive soils from 
Gedarif area which gives maximum pozzolanic activity is 700 ºC. 
Calcination of this expansive soil at 600 ºC and 800 ºC gave lower activity. 
      5.1.2 The optimum calcination temperature of Nile sediment at Soba 
giving maximum pozzolanic activity is 800 ºC. Calcination of Soba soils at 
700 ºC gave good activity, but less than 800 ºC. 
      5.1.3 Lime – Pozzolana Cement of expansive soil of Gedarif meets the 
requirement of Indian Standard (IS 4089- 1976) type LP7 only, but Lime – 
Pozzolana Cement of Soba soil satisfies the requirements of all types. 
      5.1.4 Compressive strength of Portland – Pozzolana Cement is less than 
that of Ordinary Portland Cement, but the strength increases with time. 
      5.1.5. The strength of both Portland-Pozzolana cement of Gedarif and 
Soba soil, meet the requirement of ASTM (C595-98) i.e. strength is more 
than 75% of the strength of pure cement.  
 ● Fired-clay bricks: 
      5.1.6 Bricks produced from pure expansive soil of Gedarif exhibited 
serious crack and damage during both drying and firing 
      5.1.7 Addition of 20% (by volume) grogs to Gedarif soil improve both 
drying and firing behavior of the formed bricks.    
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5.2 Recommendations: 
       5.2.1 Further research work is recommended to be carried out in order to 
evaluate the potential pozzolanic activities of different local materials such 
as clays, brick reject, diatomite earth, pumice, and rice husk ash. 
       5.2.2 The effec of fineness of pozzolana on the properties of burnt clays 
is recommended to be studied. 
       5.2.3 Further study is required in order to justify or find reason why Nile 
sediment at Soba give better pozzolana than Black cotton soil of Gedarif 
although their mineralogical and chemical composition are similar. 
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